ABSTRACT: Potential demographic effects of life stage or gender specific predation on population size and composition were investigated using populations of a laboratory-reared benthic harpacticoid copepod, Amphiascus tenuiremis cf. Mielke, 1974. Control populations initially contained 100 copepodites, 100 adult males and 100 adult females. In the experimental treatments, one of these components was reduced by 90 or 50 % to mimic 30 or 17 % once-in-time predation impact Number of nauplii, copepodites, adult males, adult females and total population size was recorded for each population after 21 d (1 generation) Abundance increased in all populations, and at both levels removal of females (female treatment) resulted m significant decreases in final total abundance Copepodite and male removal had no significant effect on total population size Final population composition was also affected by treatment In the 90 % removals final abundances of nauplii were significantly lower in female removal treatments At the 50 % removal level, final number of nauphi and copepodites was lower in female treatments only. Number of males was significantly lower in male treatments at both levels of removal, as was number of females in female treatments. Female specific predation had the greatest effect on these copepod populations. Total population size decreased because number of nauplii (which comprised 75 to 80 % of each population) was significantly decreased. High reproductive potential, as indicated in up to 28-fold increases in population size over 1 generation, intimated that the observed changes in population size and composition would not be enduring. Predation, imitated herein by removal, would play a small role in determining population structure of A. tenuiremis.
INTRODUCTION
In their discussion of the ecological role of meiofaunal harpacticoid copepods, Hicks & Coull (1983) asked how predation by higher trophic levels influenced the structuring of benthic copepod populations. In recent years, research in meiofaunal ecology has expanded to include field and laboratory studies addressing this question (reviewed by Coull & Palmer 1984) . The full spectrum of results, from no significant impacts to declining abundance and threatened viability of the copepod population, have been observed. Predation by hydroids (Heip & Smol 1976) , and a 0 Inter-Research/Printed in Germany variety of fishes (Reise 1979 , Alheit & Schiebel 1982 , Hicks 1984 , Sogard 1984 , Gee et al. 1985 , Gee 1987 did not appear to significantly alter copepod population size for some epibenthic harpacticoid copepods. Other epibenthic harpacticoid copepods experienced significant abundance declines associated with fish or shrimp predation (Feller & Kaczynski 1975 , Bell & Coull 1978 , Sibert 1979 , Bell 1980 , Dethier 1980 , Warwick et al. 1982 , Coull & Wells 1983 , Hicks 1985 , Smith & Coull 1987 , Palmer 1988 , Ellis & Coull 1989 , Nelson & Coull 1989 . Laboratory experiments imitating predation (Hoppenheit 1975a , b, 1976 , Dethier 1980 indicated that constant predation pressure affected abundance and composition of a single species copepod population. The complexity of the question is evident.
This study examines the question of effects of onetune predation on certain aspects of population demo-graphics by mimicking controlled predation on a single species population of meiobenthic copepod in a laboratory setting. The null hypothesis tested was that this kind of predation had no effect on population size or stage composition. Confounding factors such as interspecies competition (for food and space), chemical and physical environmental variations over time and space, immigration, emigration and disturbance are minimized by the experimental design. Intraspecific density-related effects are unlikely to influence the outcome, as estimated maximum fmal density of 10 000 copepods per chamber (224 copepods per 10 cm2) was similar to mean copepod densities in North Inlet, South Carolina, USA, which was the source of these specimens (Coull & Dudley 1985) .
The experimental copepod Amphiascus tenuiremis (Brady & Robertson, 1875) cf. Mielke (1974) is an epibenthic, euryhaline harpacticoid. A. tenuiremis conforms to the common harpacticoid copepod life history pattern (Lang 1948) with 6 naupliar and 6 copepodite stage. The sixth copepodite is the sexually mature adult. Clasped pairs may involve Stage 5 females but copulation does not occur and eggs are not extruded until after the fifth copepodid molt. Eggs are carried externally m sacs, from which the nauplii hatch and crawl away.
Body size and behaviour may contribute to stageor gender-specific natural predation on Amphiascus tenwrenus. Mature female copepods are generally larger in size than any other population component, especially when in copula or carrying eggs. Bodiou & Villiers (1979) reported that the mean size of harpacticoids in goby stomachs was larger than that m the source population and epibenthic harpacticoids were the most commonly observed in the goby. In the laboratory, adult female A. tenuiremis spend more time than nauplii, copepodites or males on top of the substrate, in the water column and underneath the water surface. If this behaviour is representative of field populations, then higher relative predation risk to females is likely. Adult males, on the other hand, are smaller and thus at less predation risk. Copepodites exhibit behaviour similar to that of adults but are even smaller than male adults, and thus assume lower predation risk. Nauplii spend most of the time on or m the sediment, rarely venturing into the water column, thereby reducing risk from visually cued predators. This behaviour pattern may result in high exploitation by predators like spot ~eibstomus xanthurus which take bites of sediment and filter out organisms for consumption (Billheimer & Coull 1988) . The probable primary predators of this copepod are immature estuarine fishes (Ellis & Coull 1989 , Nelson & Coull 1989 , Feller et al. 1990 ) some of which may use visual cues for prey location. The experiments reported below provide new information about the population composition of A. tenuiremis, and the potential role of predation in determining its population dynamics.
MATERIALS AND METHODS
The Mimicked predation experiments. Predation was mimicked by reducing initial number of 1 of the 3 starting components: adult (gravid and non-gravid) females, adult males and copepodites, and is referred to as 'treatment'. The treatments were called 'female', 'male' and 'copepochte', respectively. Nauplii were not included in initial composition due to the inability to obtain the large numbers required.
We conducted 6 experiments: 3 at 90 % removal of the target population with controls (no removal), and 3 at 50 % removal of the target population with controls (Table 1) . Thus each experiment consisted of 2 replicates of the controls and 2 replicates of 3 treatments (Table 1) . Ninety percent removal represented 30 YO decrease in initial population size and 50 % removal represented 17 % decrease. These removal levels were selected to provide a wide range of one-time 'predation' impact without completely eliminating the target component. Control populations did not have any component removed, and contained 100 copepodites (sex unknown), 100 males and 100 females (approximately 50/50 ovigerous and non-ovigerous). Three experiments, with 2 replicates each, were performed separately and sequentially at the 2 removal levels ( (Ustach 1982 , Vilela 1984 and population composition (Hicks & Coull 1983) .
In 0.1183) in Expt 3 from that in Expt 1 or 2. Therefore, data from Expt 3 were included in statistical comparisons. At the 50 % level, interexperimental differences were also present but the pattern of treatment effects was similar. Sources of variability could not be specifically identified but pooling gravid and non-gravid females in the female treatments and the unknown ages and gender ratios of the copepodites could have contributed to this variability. The stock population which was the source of all experimental subjects was 30 generations old and was presumed to have a stable age distribution and to be nearly genetically uniform. Due to the high interexperiment variability at each level, analyses of variability were confined to niter-treatment comparisons of population abundance, population composition and gender ratio. Therefore, the original theoretical model changed from blocked, 2-factor, with experiment as the blocking factor, to 3-factor, with level, experiment and treatment as factors:
where u = overall mean; E1,k = variation between experiments; i = 2 (90 % or 50 %); ; = 3 (1, 2 or 3; 4, 5 or 6); k = 4 (control, copepodite, male or female).
All data analyses were performed using SAS Institute (1985) statistical analysis programs. Population size variance and population composition variance were compared within level of removal among treatments using Tukey's multiple comparison of means procedure (a = 0.05). In all analyses, values for Replicate 1 and Replicate 2 of each experiment were averaged for use in comparisons.
Population abundance data were logio transformed to meet ANOVA assumptions of normal distribution. Population composition was compared using abundance of each component and gender ratio (number of females per male).
Estimates of daily rate of predator impact on a single component were calculated from the percentage of copepods initially removed (90 or 50 % out of 300) of the experiments. Using raw data, the following quantities were calculated: copepods removed Maximum percent impact = . . . X 100 initial abundance copepods removed Minimum percent impact = X 100 final abundance Estimated mean percent impact was the average of maximum and minimum percent impact. Estimated daily mean percent impact (dmpi) was obtained by dividing the mean percent impact by 21, the number of days that each experiment ran.
RESULTS

Total population abundance
Final total population size after 1 generation was greater than initial population size in all treatments. In each instance, the magnitude of increase (final total abundance/initial total abundance) was greater than a factor of 10 (Table 2) . Final population abundance was significantly different among treatments at both the 90 and 50 % removal levels. At both removal levels, female removal resulted in total abundance which was significantly lower than that in controls (Fig. 1) .
Population composition
There were treatment effects on abundance of each component (Fig. 2) . At the 90 % removal level ( Table 3 ) mean number of nauplii and females was each significantly lower in the female removal treatment and mean number of males was lower in the male removal treatments. Only mean number of copepodites was not significantly different across all treatments (Table 3) . At the 50 % removal level, mean number of nauplii, copepodites and females each was significantly lower in the female treatment and mean number of males was lower in the male treatment (Table 3 , Fig. 2) . copepodites, males and females in the control (no removal), copepodite, male and female removal treatments. See Table 3 for multiple comparison results on these values 
A. Composition in 90% level treatment populations
Gender ratio
There were treatment effects on gender ratio at each removal level (Fig. 3 ) . At the 90 % removal level, gender ratio was significantly higher m male removal treatment populations than in copepodite removal, female removal treatment or control populations. Gender ratio was also significantly different between control and female treatment populations. At the 50 % removal level, gender ratio was significantly higher in male treatments and lower in female treatment populations, compared to control and copepodite removal treatment populations, which were not significantly different from each other (Fig. 3) .
Daily mean percent impact
At the 90 % removal level, treatment effects were not definitive (Table 4 ), but at the 50 % removal level female removal treatment had a significantly higher
A. Mean gender ratio in the 90% level treatments
Control Copepodite
Male Female T r e a t m e n t
B. Mean gender ratio in the 50% level treatments
Control Copepodrte Male Female
T r e a t m e n t Table 2 ) , independent of treatment, mdicatmg the high potential fecundity of Amphisascus tenuiremis in the optimal environmental conditions provided. Only the initial removal of females from the population had an effect o n subsequent population size (Fig. I) , primarily due to either significant decreases i n number of nauplii produced or high naupliar mortality, compared to number of nauphi i n the other treatments and controls (Fig. 3) (Hicks & C o d 1983) and thus reduce dependence of uninterrupted egg production on continuous presence or high density of males. (Bergmans 1981 Feller (1980) observed 32 to 100 % naupliar mortality for Huntemannia jadensis and Bergmans (1981) reported 44 % naupliar mortality for Esbe holothuriae. Fleeger (1979) and Palmer (1980) 
DISCUSSION
Effects of removal on total population abundance
Each population increased i n abundance b y a factor (mean final abundance/initial abundance) greater than 10-fold (
. Reduction of number of adult males did not have similar effects. Females o f most harpacticoids (and presumably A. tenuiremis) have t h e ability t o store sperm
Effects of removal on population composition
Low juvenile survival (nauplii and copepodites, combined) was indicated in the low final adult male and female abundances, which were lower than copepodite and nauplii abundance in all treatments (Fig. 2) despite the high reproductive potential of Amphiascus tenuiremis (Table 2) . Male replacement was low in the male removal treatments and female replacement was depressed in the female removals (see gender ratios, Fig. 3 ). In each of these treatments, the 100 copepodites and many more maturing nauplii should have been able to replace the 90 adult males or females removed. Thus, survival to adulthood must have been less than 17 % (loss of 90 individuals out of 300). A. tenuiremis completes its life cycle in 21 + 1 d under these conditions so all of the initially-present copepodites and some early-hatched nauplii could have matured within the experimental period. The low final abundances of adults, coupled with high reproductive potential (Table 2) indicated low survival of nauplii and copepodites. High adult mortality could potentially be responsible for the low adult numbers, but our observations on stock-cultured A. tenuiremis indicate they live 60 to 90 d. Thus there is no a priori reason to assume increased adult mortality in our treatments. In our experiments, mean final number of adults ranged from 6.0 to 15.8 % of the final total population size.
Under the experimental conditions, Amphiascus tenuiremis did not display any compensating mechanism to combat the effects of 90 or 50 % loss of its reproductive potential. If it had, there would have been no treatment effects on population size, composition or gender ratio. Tisbe holothuriae use compensation mechanisms in response to imitation predation: 90 % weekly population reduction reduced egg development rate and naupliar mortality and increased survival of males (Hoppenheit 1975b (Hoppenheit , 1976 . A. tenuiremis may not have these mechanisms. Our experiments were probably too short a duration (1-generation) treatments for compensating mechanisms to be invoked.
While our 2 levels of predation each elicited responses from the copepod populations, the levels of impact imposed were not different enough to delineate upper and lower boundaries of potential effects on population size and composition. The less severe of the 2 treatments caused responses similar to the severe treatment. Impacts of greater than 90 % removal of copepodites or males would be required to show significant abundance/composition effects. Similarly, impacts of less than 50 % removal of females would be required to determine level of no effects.
Types of potential responses to predation pressure
Natural copepod assemblages have been found to be highly variable in species composition and temporal abundance (e.g. Hicks 1979 , Hicks & Coull 1983 , Gee & Warwick 1984 , Coull & Dudley 1985 , Johnson & Scheibling 1986 , Palmer 1988 . Using highly controlled populations, limited diversity taxocenes (e.g. laboratory-raised monocultures or assemblages) or naturally occurring low diversity assemblages should help to separate effects of environmental and genetic variation from effects of the imposed experimental treatments. To date, few studies of the population dynamics of harpacticoid monocultures have been conducted. Dethier (1980) conducted field and laboratory studies of Tigriopus californicus, which inhabits high intertidal pools with few other occupants. She reported significant decreases in abundance of the copepod due to predation by fish or sea anemones during periods of 1 to 4 d. Such effects, which are basically the primary reactions to a disturbance, may indicate that the organisms did not or could not compensate by altering reproductive rates. These types of effects which do not appear to involve any response by the affected organisms are defined herein as 'first order effects', or 'passive responses' and are associated with short term or rare, intermittent disturbances. Potential for long-term changes in population composition was addressed by Hoppenheit (1975b Hoppenheit ( , 1976 in a series of predationimitation experiments with Tisbe holothuriae. His results, over an observation period of 24 wk, indicated that significant alterations of the population resulted from long-term, constant predation pressure. He observed changes in gender ratios, egg viability rates and naupliar and male mortality -effects which probably indicate that compensating mechanisms had been invoked. We define the efforts of a disturbed population to restore demographic parameters to predisturbance levels or values, especially under conditions of constant predation pressure, as 'second order effects' or 'active responses'. These types of mechanisms would eventually become a part of the evolutionarily stable strategy of the population if predation was constant and persistent for a long enough time.
The 1-generation time course of our experiments does not allow for long-term compensating mechanisms sensu Hoppenheit (1975b Hoppenheit ( , 1976 and our results are obviously first order effects, despite the fact that the experiments covered 100 % of the generation time (defined as long term; (Wilson & Bossert 1971) . The observed effects of stage or gender specific predation were only passive responses, involving reduction of total abundance and nauplii. Amphiascus tenuiremis most likely does not possess the physiological flexibility to alter fecundity within 1 generation and more than 1 generation would be required to stabilize gender ratio after catastrophic demographic pertubation.
Predation impact
It is generally assumed that predation is a continuous or regularly occurring event and not a one time event as we mimicked. Yet we are unaware of quantitative data on the predation frequency on a harpacticoid population in the field. The presence of copepods in predator guts over time does not unequivocally mean that the same prey population was eaten each time. In the southeastern United States schools of harpacticoid feeding juvenile spot Leiostomus xanthurus swim onto a mudflat, feed on some portion of the flat (often a very small portion of 1 or 2 m) and swnn off. Observing 1 mudflat over 4 d we did not observe another spot school on that flat, indicating that at least over 4 d there was not a continuous predation impact on the resident harpacticoids, yet juvenile spot almost always have harpacticoids in their guts (Feller et al. 1990 ). Whether the fish returned to the same mudflat within 21 d (the time of our experiment) is unknown. Thus while we mimicked a once in time predation event, we did so because of our observations on feeding spot in South Carolina. Our experiments then should be viewed as simulating natural conditions but perhaps at a low predation rate.
Impact of predator exploitation on copepod populations has been calculated for a variety of predators ranging from juvenile flatfish (Hicks 1985) to shrimp (Gee 1987) . A summary of estimated predator effects on various field populations of harpacticoid copepods is presented in Table 5 . In each example, a single species was the dominant prey item and represented a large proportion of the copepod assemblage. Estimates of daily consumption rate of the dominant predators ranged from 0.01 to 3.45 %. In each case, the author concluded that predation at the above-stated rates would not significantly alter the respective copepod population.
In our experiments, female removal at the 90 % removal level resulted in the highest daily mean percent impact removal level, 0.876 % d l , and female removal at the 50 % removal level, 0.435 % ddl (Table 4) . These values are comparable to published estimates of predation impact where there was little or no observable effects on the copepod populations. Therefore, the changes which were observed in abundance and composition of the populations of Amphiascus tenuiremis should not be long lasting. These first order effects would have probably been eliminated within the next few generations, given the high reproductive potential of this copepod. Since compensating mechanisms were not involved with A. tenuiremis, we conclude that the imitated predation pressure which we invoked was not severe or long enough to require such strategies. Daily predation pressures of 12.8 and 7.1 % on Tisbe holothuriaepopulations (Hoppenheit 1976 ) resulted in compensation mechanisms: rates are 4 to 200 times higher than reported field values. Our field-comparable results suggest that A. tenuiremis did not, or would not, require alteration of physiological parameters to cope with predation. Gobies and blennies are reported to preferentially prey on large or female benthic copepods (Bodiou et Villiers 1979 , Coull & Wells 1983 , respectively) but a flatfish selectively preyed on nauplii (Hicks 1984) . If size or gender-specific predation on harpacticoids is commonplace in the field, and our controlled mimicked predation is indicative, then only the removal of females would have an effect on population size. If the prey copepod has the ability to reproduce rapidly (sensu Amphiascus tenuiremis), then predation effects on demographic parameters should not be long lasting, unless the predation pressure is continuous. Most harpacticoid copepods apparently have the ability to out-reproduce any removal due to predation.
